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SYLLABUS

The Divigion Enginser finds that the improvement of Providence
‘River and Harbor desired by local interests is warranted, in that
the benefits exceed the costs. He recommends that the existing
project be modified to provide a main channel 4O feet dsep and
generally 600 feet wide into Providence Harbor and a channel
30 feet desp, 150 feet wide along the India Street waterfront, as
shown on the maps accompanying bthe report. The estimated dost to
the United States is $13,900,000, plus a cost of $58,000 for aids
to navigation, $57,000 for preauthorization studiss, and annual
maintenance costs of $24,000 for channel dredging and $2,900 for
aids to navigation. The improvement, which will benefit com«

mercial navigation, has a bensfit-cost ratio of 2,1 to 1.

R 2/63



TABLE OF CONTENTS

Paragraph No.

1 Au'bhority.............o.
2 Purpose and Extent of Study . + « « +
3 Description of Navigation Conditions. .
5 'I?ribu‘baryAraa.............
7 Bridges L] - L] [ L] L] L] L - L] L ) L] - L ] L ] -
8 PriorRepor'bs............o
9 Existing Corps of Engineers Project . .
1l Tocal Cooperation on Existing and Prior
1L|. O'bher mprovemnts; * + & & % & & * @
17 Terminal and Transfer Facilities. . . .
24 Improvements Dogireds ¢« o ¢ o o s o o &
2L Existing and Prospective Commerce . « .
26 Vessal Traffics o o o« o o o o o o o o
28 Difficulties Attending Navigation . . .
31 Water Power and Other Spescial Subjects.
32 Plan of Improvement . « « o ¢ o ¢ o o &
37 Shoreline Changes + + « o ¢« » ¢ o s o »
38 Required Alds to Navigation . . « + « &
39 Estimates of First‘Cos‘b P S
L0 Estimates of Annual Charges + « « + o »
L3 Bstimates of Benefits . o o o o o o »
52 Comparison of Benefits and Costs. . . .
56 Proposed Local Cooperatiof. « « o o o &
58 Apportionment of Costs Among Interests.
59 Coordination with Other Agencies. . + .
60 Discussion + o o o ¢ o ¢ o ¢ o o o = »
70 Conclusion o s + o o ¢ s s s s » s o »
72 Recommendation. + + « o ¢ « 4 ¢ ¢ + o &

Appendix A Estimates of First Cost and Annual Charges

e & » 8 + 8 & & o % & & o & uw * 8 * + & s s a2 e 4+ s

Appendix B EHconomics . + ¢ ¢ o ¢ o 5 ¢ s ¢ s o o o
Appendix C U, S. Fish and Wildlife Service Report.
Appendix D Long Distance Pipelines « « « o + o o &

Senate Resolution 148 . « v o o ¢ o o &

Maps Accompanying Reports

Plate 1
Plates 2 toll Survey Map ~ Fils No, Pe-438. .

Qeneral Map - File Noe, Peel35 . . . . .

2 ® 8 & & B 2 8 # & ® ¢ & v & ¥ e * & 3 O e s 2 » »2 =

* 9 " @

- .
s 8 & & ¢ ¢ & & & 4 & % s + a o u# o s & D e s+ & 8

Page No.

bbb R vaoownnesrwwmo P

e 8 & B ¢ & &% % 8 % 8 & & s & & B & % e i & B e & s

® & » & 8 9 & & & B & 4 & 8 4 0o € & 8 s b s b B e

L )
* s 5 o
¥
=

°*
L]
!.—l

Sheet L of 1
Sheets 1 %o 10



U, S. ARMY ENGINEER DIVISION, NEW ENGLAND
CORPS OF ENGINEERS
424 Trapelo Road
Waltham 54, Mass.

NEDGW \ - | 18 December 1962

SUBJECT: Survey (Rev1ew of Reports) of Providence River and Harbor,
~Rhode Island ‘

T0: Chief of Engineers
: ATTN: ENGCW-P
- Department of the Army
Washington 25, D, C.-

AUTHORITY

1. This report is submitted in complience with a resolution
adopted 6 January 1950 by the Committes on Public Works of the
United States Senate, as follows:

"RESOLVED BY THE COMMITTEE ON. PUBLIC WORKS OF THE UNITED
STATES SENATE, that the Board of Engineers for Hivers and
Harbors, created under Section 3 of the River and Harbor
Act, approved June 13, 1902, be, and is hereby; requested
to revisew the report on Providence River and Harbor, Rhode
Island, published as House Document Numbersd 173, 75th
Congress, and other reports, with a view to determining if
any modification of the existing project is advisable at
this time,®

PURPOSE AND EXTENT OF STUDY

2. The purpose of this study is to determine if any
modification of the existing Federal project at Providence River
and Harbor is advisable al this time. The study considers the
possibilities of deepening the existing channel to accommodate
deep~draft vessels, ‘of extending the chamnel to a point just south
of Prudence Island Light, and of easing ‘the bends in the existing
chammel. The study also considers the possibility of deepening
the natural channel between Fox Pt, and India Pt.
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DESCRIPTION OF NAVIGATION CONDITIONS

3. Providence River is a tidal estuary extending northerly
from the upper limits of Narragansett Bay about 8 miles inland to
the City of Providence. The upper 2~1/2 miles comprise the Main
Harbor, which is that portion of the river south of Fox Pt, and
India P%. and extending generally south of Field Pt., The Outer
Harbor conslsts of a 35' approach chamnel, dredged from the Main
Harbor southerly to a point just west of North Pt, The approach
channel has & minimum width of 600! and is about 8 miles long.
The tide ranges are L.6 feet (mean) and 5.7 feet (spring).

le The controlling depth in the existing Federal channel is
35 feet except for minor shoaling along the channel limits (1960),
There are several sharp bends in the approach channel, the most
critical being the bend opposite Pomham Light, the bend at 3abin Pt.,
end the bend just north of Conimicut Light., In the natural chamnel
between Fox Pt, and India Pt., the present controlling depth is
22 feet. '

TRIBUTARY AREA

5. The tributary area of the Port of Providence covers
approximately 2,000 square miles and conslstes of moet of the State
of Rhode Igland, the northeasiern section of the State of Connecticut,
and extends into centrel and southeastern Massachusetts., This area
is contiguous with those. of the nearby ports of Boston, Fall River,
and New Bedford. The exact size of the area differs with the
commodity involved and for the pstroleum industry it varies with
the particular distributing oil company. For this reason. the exect
population is indeterminate but it seems conservative to state
that it is in excess of 1,250,000,

6., Metropolitan Providence is principally industrial with
well-divergified manufacturing, textiles, lace goods, jewelry,
machinery, fabricated metals, and rubber goods baing among the
leading products. Most of the high-grade manufactured products
shipped out of the area move by rail or truck, the greater .
preponderance being routed through New York. Providence is served
by the main line of the New York, New Haven and Hartford Railroad,
which links the port both with the tributary area and also all
sections of the country having rail facilities. The port is also
served by trucking companies connecting Providence, by major high-
ways, with all sections of New England.
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BRIDGES

7T« There are no bridges across the existing Federal project

for Providence River and Harbor.

PRIOR REPORIS

8. Since 1852, when Congress appropriated $1500 for a survey
and $5,000 for the removal of a rock near the mouth of the Seekonk
River in Providence River, there have been 20 prior reporits pertaining
to navigation improvements in Providence River and Harbor. The

most recent are tabulated below:

Nature and

delishsd In Date of Report

Hse. Doc. No, Prelim, Exam, and
1369, 624 Cong. Survey 1913
31‘d SGSS .

Hses Comm. Doc, Re-exam of Hue,
No. 9, 63d. Cong. DOCo No. 1369
28 Sess. 63d- Cong.

' : 3d.Sess. 191l

Hze, Doc. No. Preiim..Exam &
173, 75th Cong, Survey and Review
lst Saess. of Reports 1937

Not Published Survey 1940

Work Considered
and Recommendations

30! Chanmnel and harbor.proper;

.Local Coop, to congist of

$2,000,000 expenditure for
Terminal improvemsnts,

Favorable. Adopted by Riv,
& Hbr, Act of Mar, L, 1913

Local cooperation proviso of
Riv. & Hbr. Act of Mar,. Ll.',
1913 amended .

Amendment adopted Riv. &
Hbr. Act of Mar. k4, 1915

Channel 35! deep, generally
600" wide from deep water in
Narragaensett Bay to Field Pt,
thence widths from 715! to
1700% from Field Pt. to Fox Pt,

- Favorable ~ adopted by Riv. &

Hbr. Act of Aug. 26, 1937

Channel 25' deep from Fox Pt. to

8001 above Point St., then 20t

to within 100t of Crawford St,
Unfavorsabls.
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EXISTING CORPS OF ENGINEERS PROJECT

9;r-%ha existing Corps of Engineers project provides for an
approach channel 35 feet deep at mean low water and generally 600
feet wide through the river from the deep water of Narragansett Bay
opposite North Point on Popasquash Neck to the turn below Field Point,
8.1 miles, and thence about 2,6 miles with the same depth and of
width ranging up to 1,700 feet to Fox Point, excluding a.marginal
strip 75 feet wide channelwand of the established harbor lines.

10, The existing project was authorized by the River and Harbor
Act of August 26, 1937 (H. Boc. 173, 75th Cong,

o+ Lst Sess.),and
completed in 199 2% a cost of $2,322,000, Since moo**”

"has Deen spent Tor maintenance. In addition; $3,761,000 was expended

for new work and $650, 000 for meintenance for previous projects

dating back to 1852.

LOGAL COOPERATION ON EXISTING AND PRIOR PROJECTS

11o No condltlons of loesl agsurance were pregcribed in
connection with Faederal projects for the improvement of Providence
River and Harbor prior to. 1910, The Federal improvement adopted
by the River and Harbor Act of June 25, 1910 stipulated that the
Secratary of War receive satisfactory assurances "that the city of
Providencs, -or other local agency, will expend on the improvement
of the harbor front, ......ss @ sum aqual to the amount hsrein
appropriated and authorized® ($L434,,000), The Federal improvement
avthorized by the River and Harbor Act of March L, 1913 provided
that no work be done in the harbor project "until the Secretary of
War is satisfied that the State and City have completed their.
proposed expenditures in the combined Providence and Pawtucket

Harbors, up to at least $2,000,000 for public terminals or other

permansnt public harbor improvemsntso..,.“.' This last provision

~was modified by the River and Harbor Act of March L, 1915 to read
eesountil the Secretary of War is satisfied that the State and

City have completed their proposed expenditures . . « o « up o
at least $2,000,000 . ., . . or shall have given to the Secratary
of War assurance satlsfactory to him that the expenditure of

- $2,000,000 aforesaid will be completed within a time satisfactory

to him and not later than three years from the passage of this
amendment .

12, The Federal project adopted on August 26, 1937 was
¥, ..oubject to the condition that the widening of the channel on
the west side immediately below Field Point shall not be undertaken



until local interests furnish assﬁrancas satisfactory to the Secre-
tary of War that they will proceed with the downstream extension of
the municipal terminal at Figld Point.”

13, Local interests have complied with all of the above re-
quirements of local cooperation.

OTHER TMPROVEMENTS

1l,, Above the existing Federal project from Fox Point to the
head of navigation in the Providence Estuary at Crawford Street,
the city maintained a depth of 20 feet prior to 1940. The Fox
- Point Hurricane Barrier, a Federdl projsct under construction in
1962, will cross this estuary about 1,000 feet above the existing
Pederal navigation project. The only access by water to the reach
. of Providence River above the barrier will be that afforded to
small boats by the tainter gates. The sill of the gates ars at
-15 M,8.L; When the gates are opsn, which is the normal position,
they have a vertical clearance of 25 feet above M.S.L. and a hori-
zontal clearance of LO feet.

15. Adjacent to the northeasterly corner of the existing proj-
ect, the Federal Government maintains a channel in the Seskonk
River, l6-feet deep at mean low water and 150 %o 230 feet wide from
Red Bridge up to the ledge rock between wharves at Pawtucket, thence
16 feet deep and 100 to 50 feet wide through ledge to Division
Btreet bridge. It is not expscted that the considered improvements
in Providence River will have any effect on navigation in the Seekonk
River.

16, There are two Federal projects on the sastern shore of the
Providence River. At Bullocks Point Cove, the project depth varies
. from 6 to 8 feet and the width is 75 feet. On the Warren River there
is a natural channel 9 feet deep up to Warren, Rhode Island.

TERMINAL AND TRANSFER FACILITIES

17. There are 28 piers and wharves in the Port of Providence.
Six of these are zbove the site of the Fox Point Barrier beyond
which there will be no commercial navigation and three are on the
Seekonk River where the horizontal clearances on the bridges are
restrictive, Of the remaining 19, thers are 7 used exclusively for
handling petroleum products, 3 are for the receipt of ccal only, b
receive both coal and oil, 2 are for handling general cargo, and 1
each is used for handling chemicals and scrap metal, One is

L



presently not used for handling waterborne commerce. Eighteen of
these nineteen have connections with the New York, New Haven, and
Hartford Railroad system. : ,

18. At‘present-there.are ten wharves with major oil~handling
facilities, with a combined petroleum storage capacity of about
9,000,000 barrels. On the Bast Providence side of the harbor ars
located the Socony~Mobil 0il Co, Wharf with 850 feet of usabls
berthing space 35 feet deep at M,L.W.; the Atlantic Refining Co.
Wharf with 125 feet, 28 feet deeps the Mexican Petroleum Corp, and
Amsricen Oil Co., Wharf with 600 feet, 30 feet deep; the Gulf Oil
Corporation Pier which has been recently modified and the berth
dredged to 35 feet; and the Wilkesbarre Pier with 890 feet, 35 feet
deep. On the Providenca side are the Narragansett Electric Co.
facilities at Henderson Street with about 800 feet of berthing
gpace, 33 feet deep at M.L.W.; the Mexican Petroleum Corp. and
American 0il Co. Pier at the foot of Public Street with 620 feet,
30 feet-deep; the Harbor Junction Pier, with a combined length of
1,000 feet, which is 35 feet on both the lower and upper sidss; the
Sun 0il Co, Wharf with 300 feet, from 25 to 30 feet deep, and the
Municipal Wharf with 3800 feet, from 20 to 35 feet deep. The
preceding facilities are owned or used by nine major oil companies,
Socony-Mobil Oil Co., the Ablantic Refining Co,., Mexican Petroleum
Corp. and its affiliate the American Oil Co., Gulf Oil Corp.,

Esso Standard 01l Co., the Texas Co., Sun 0il Co., Tidewater
Associated 0il Co,, and Richfield Oil Co..

19, In addition to pétroleum receipts, there are two major
general cargo wharves, bthe Municipal Wharf owned by the City of
Providence and State Pier No, 1 owned by the State of Rhode Island,
Both have adequate storags accommodations and the Municipal Wharf
is capable of handling the new deep-drafi cargo vessels,

20, There are six piers which have coal-handling facilities,
the Nerraganseti Electric Co, Pier at the foot of Henderson St.
extended, the C. H. Sprague and Son Coal Pier at the foot of
Rhodes 8%, extended, the Cld Colony Wharf at the foot of 0'Connsl
St. extended, the Harbor Junction Piser above Sassafras Pt,, the
Providence Gas Co. Wharf at Sassafras Pt., and the New England =
Coal & Coke Co. Wharf north of Field Point., One of these piers,
the Narragansett Electric Co. Pisr, already is used by a deepedraft
collier, and two others, the C. H. Sprague and Son Coal Pier and
the Harbor Junction Pisr have facilities and berthing depths
sufficient for the use of large colliers.
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IMPROVEMENTIS DESIRED

21, In order to determine the nature and extent of further
improvements desired by local interaests, a public hearing was held
at Providence, Rhode Island on 26 April 1960, Present at the hearing
were officials of the State of Rhode Island and the City of Provie
dence, representatives of shipping and terminal interests, local
harbor pilots, representatives of civic groups, and othsr interssted
citizens. Local interests requested that the existing project be
deepened to 0 feet and extended in a goutherly direction to a
point just south of Prudence Island Light and that the sharp bénds
be either straightened or eaged to eliminate hazards to navigation,
The most critical areas mentioned at the hearing were the section of
the main channel from just below Sabin Pt. up to Fields Pt., the
bend between the Conimicut and Bullock Point reaches, and the shoal
Jjust south of Prudence Island Light. It was also requested that the
possibility of relocating the main channel to pass to the east of
Sabin Pt. Light be investigated. In addition a channel 30 feet
deep was requested to a point opposite the Tidewater Terminal and
Stevedoring Co, wharf nsar India Point. This wharf is used for the
export of scrap iron in Liberty ships. Deepening the India Point
- channel would permit these vessels to be fully loaded at this wharf.

22, Local desires for improvement are based on the importance
of the port to the economy of the State of Rhode Island and the
entire tributary area of the Port of Providence. Local interests
feel that the existing project is inadequate to meet the present
and prospective needs of the tributary area. Many of the vessels
already using the harbor are subject to costly tidal delays and
some of the operating oil companies own large tankers which they
cannot use in the present channel dues to the restrictive depth,
These conditions are magnified by the trend towards larger deep=
draft tankers. It 1s also felt that the sharp bends in the
oxisting channel present an undue hazard to navigation and that
2 gtraighter alignment would also reduce the transit time from
bay to dock and result in savings in ship time and in standby
charges on dock personnel,

23. The City of East Providence reporis that over 1,000 acres
of the City's industrial land is linked to or directly dependent
upon port facilities., At present these port related activities
represent an investment of over $15,000,000 in land and structures
to East Providence. In addition to dirsctly related port activities,
-the future growth rate of the entire tributary area will be
influenced by the economy of fuel consumption., Comparatively high
fuel costs will act as a deterrent to future industrial growth.
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Local interests feel that a LO-foot desp channel with improved
navigating conditions is essential to assure the continued sconomic
growth of ‘the tributary area. :

EXTSTING AND PROSPECTIVE COMMERCE

24, The principal items of commerce for Providence River and
Harbor are petroleun -and petroleum products, bituminous coal and
lignite, iron and steel serap, lumber and shingles, and building
cemont. All other items were less than 1% of the total commerce
in 1960, The total tonnages for the Port of Provddence for the
poriod 1951 to 1960 are listed belows -

: Tonnage Tonnage
Year (Short Tong) Yoar (Short Tons)
1951 7,968,843 . 1956 8,227,047
1952 7,77h917h : 1957 =7y903,027
1954 ,h399820 1959 8 275,928
1955 75,696,271 1960 7,9h9,820

25. Petrolsum and petroleum products constitute almost 90%
of the commerce moved in the harbor, In 1960 there were about six
and three-quarter million short tons of waterborne petroleum -
receipts. This is expected to incresse to almost 20,500,000 tons
by the year 2068 (See Appendix B). The export of scrap, although
gtill constituting only a.minor portion of the tobtal commerce, has
increaged from about 24,000 short tons in 1953 %o almost 130,000 . -
short tons in 1961, Almost all of this scrap is shipped from the -
Tidewater Terminal & Stevedoring Co. wharf at India St. Scrap
iron is used in the manufacture of low-grade iron products, because
it requires less procesging than raw iron ore. Due to the shortage
of iron ore and scrap iron in some foreign countries, it is ex-
pected that the export of iron secrap will undergo a moderate
increase in future years.

VESSEL TRAFFIC

26, Almost all the deep-draft vessel traffic in the main channel
of the Port of Providence in recent years has been composed of oil
tankerg, The largest incoming tanker in 1948 was in the T-2 class,
about 16,700 dwt. with a draft of about 31 feet. When the exigting
project was completed in 1949 the draft of the largest incoming tanker
jumped to 33 feet. S8ince that time vessels drawing over 36 feet of
water have been recorded as using the channel. Shippers have found
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that it is mors ecconomical to use the larger tankers even with

costly tidal delays. Several of the oil companies operating in
Providence River & Harbor already own vessels which are too large to
navigate safely in the existing chamnel, and others have similar size
vessels under contract or congtruction. The American Merchant Marine
Institute, Inc, reports that a }40-foot channel would enable vessels
with loaded drafts of 35 feet to about LO feét to operate on the
waterway, the former at all stages of tide and the latter on high tide,

27, Vessels engaged in scrap iron commerce in this harbor are
in the Liberty or the “Jumboized" Liberty class. Both classes have
similar drafts (about 28 feet), the former holding about 9,300 long
tons of scrap, and the latter, about 11,300 long tons. The average age
of present Liberty ships is 15 to 20 years, so it is expected that
future scrap iron commsrce will be carried in vessels similar to the
WJumboized" or renovated Liberty ships. The only dock, currently used
for this commerce, is the India St., dock, which loaded 10 vessels in
1959, 13 in 1960, and 1L in 1961, Due to anticipated increases in
gcrap iron exports it is expected that wvessel traffic at this dock will
increase.

DIFFICULTIES ATTENDING NAVIGATION

28, The major difficulties atbtending navigation are due to
the sharp bends in the existing 35-foot channel and the lack of
sufficient depth for large tankers. The most critical bends are the
one oppogite Sabin Point Light, the ons immediately above Conimicut
Point, the one bstween the Fuller Rock and Sabin Point reaches, and
the bend at North Point. At present the chamnel hag sufficient width
to accommodate adequately two-way or two-lane traffic for even the
large supertankers, however the sharp bends are hazardous. At
present the bend opposite Sabin Point has a two-lane minimum radius
of only 600 fest, compared with the 7,000-foot minimum radius
which was recommended by the Corps of Engineers in their model
investigations for the Panama Canal sea-lavel project. The other
critical bends listed above have minimum two-lane radii varying
from 2,500 feet to L,500 feet., In the past the 600-foot existing
Federal channel compensated for the sharpness of the bends, but at
present, and especially in the fubture as large supertankers bacoms
more common, the full width of channel will be required for navigation
and the effect of the bends on nawvigation will be magnified.

29. The 35~foot channel is presently being used by vessels
drawing up to 38 feet, even though vessels over 31l-foot draft are
subject to tidal delays. The largest vessels are operating with a
clearance of only 2 feet at high tide, when a clearance of 5 feet

9 R 2/63



is congidsered necessary for safe navigation.. There have been
geveral reporis of groundings in the existing channel.

: 30, The Liberty ships used in scrap metal exports draw
about 28 feet when fully loaded.. As the controlling depth in the
India Pt. channel is only 22 feet, these vessels can only be
partially-loaded at the India St. dock of the Tidewater Terminal
and Stevedoring Co, The vessels must then be shifted to Field Pt.
for complete loading.

WRTER POWER AND OTHER SFECIAL SUBJEGTB

31. There ig a hnrricans barrier being congtructed across
the Providence estusry, but it is sbove the limits of the existing
project and will have no adverse effsct on commercial navigation
in the port, There ars no water or flood control agpects which
pertain to the considered improvements. The conaidered improve-.
ments will have no significant adversge effect on fish and wildlife,
irrigation, or recreation.

PLAN OF IMPROVEMENT

32. The proposed plan of improvement, shown on the maps
accompanying this report, includes deepening the existing 35-foot
channel to 4O feet and extending it in & southerly dirsction about
flive miles to & point-just.south of Prudence Islend Light. The
plen includes eaging the critical bends by increasing the minimum
radiug for two-lans traffic to at least 5,000 feet, This would
require the removal of Sabin Point Light, and the construction of
a new light structure to the east of the proposed channel limit.,

In addition the plan includes deepening India Pt, channel to 30 feet
for a width of 150 feet, to & polnt opposite the Tidewater Terminal
and Stevedoring Co. wharfe

33, For modification of the existing 35-foot channel, two
other depths were also considered, & 38-foot and a hz-foot. The
ennual bensfits and charges, and benefit-cogt ratios of both depths
as compared with the LO-foot depth, ars discussed under Comparison of
Benefits and Costs. The LO-foot depth of channel was judged to be
the most economical depth. - Congideration also was given to the
desire of local interests to.relocate the channel to the east of
Sabin Point Light. Although such a relocation would provide a
shorter, straighter and safer channel alignment preliminary studies
indicated that it would add -about $l,000,000 to the project cost.
The time saving and reduced operating cost for the relocated channel
would not justify such an expense.
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3L, The possibility of a desp-water terminal in Narragansett
Bay with a pipeline to Providence was alsc investigated. Preliminary
studies indicated that there would be a high initial investment for
the terminal development plus prohibitive costs for a pipeline system,
There would be difficulty in finding a suitable terminal site noar
to deep water and yet c¢lose enough to Providence to facilitate economic
pumping operation. In addition deliveries of residual oil would have
to be seasonal due to the difficulty of pumping high viscosity fluids
during below-freezing periods. The cost of a deep-water terminal and
the required pipslines would be much greater than the cost of a chan~
nel improvement.,

35. Consideration was also given to the possibility that long
distance pipeline transmission of petroleum products would reduce
deep draft tanker traffic into Providence Harbor. Available data on
the Colonial pipeline from Texas refineries to New York indicates
that delivery costs by pipeline might be competitive whers only
T2 tankers are used. There appears to be an economic advantage for
the pipeline to inland cities where secondary transportation from
the nearest port is now required. However, delivery costs to
Providence in larger tankers are now substantially legs than T=2
costg, and it does not appear that future pipelines will becoms
competitive with the large tankers now coming to Providence. In
any case a deeper channel will be needed for tankers bringing in
foreign oils For further discussion gee Appendix D of this report.

36, Local interests have been consulted for their comments on
the proposed plan, and concur that it will meet their present and
future needs for navigation.

SHORELINE: CHANGES

37. The improvemsnts considered would have no effect on the
configuration of the shoreline.

REQUIRED ATDS TCO NAVIGATION

38, The United Stabes Coast Guard has been consulited and has
indicated that additicnal aids to navigation will be required for
the proposed plan of improvement. The estimated cost of removing
the existing light structurs at Sabin Point is $20,000 and the
estimated cost of a new light structure to the east of the proposed
channel is $28,000 minus $3,500 salvage from the existing Light
structurs. Additional aids to navigation for the rest of the
improvement are estimated at $33,500. The totel first costs and
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annual maintenance costis for ths addltlonal ayds con51dered neca s
sary are as followss - :

‘First Costs
New Light structure at Sabin Point $28,000
Salvags value~sexigting light -3,500
Other additional aids 33,500
Total . $58,000
Annual Maintenance $ 2,900

ESTIMATES OF FIRST COST

39, Estimates of first cost of the considered and proposed
plan of improvement have been made and are tabulated in Appendix 4
of this report. Dredging:quentities are in terms of in-place
measurement with a 2-foot overdepth-allowance. -The materials to
be encountered include both rock and ordinary-material, and the |
required grade: for rock was teken:-as two fest below project depth,.
All material was assumed to b removed by bucket dredge, placed
in a scow and towed to a dumping ground in the ocean south of
Narragengett Bay. Side glopes were assumed to be 1 vertical on
1 horizontal in rock and 1 vertical on 3 horizontal in ordinary
material. Estimates of first cost are based on prices prevailing
in Decenber 1962 and are tabulated below for the proposed L40-foot
improvement.-

First Costs ~ December 1962

Lo!
Channel

Dredging, rock removal, and Removal

of Sabin Pt. Lt. (including )

contingencies) $13,214,000
Engineering and D951gn 156,000
Supsrvision and Administration - 530,000
TOTAL COSIS (Corps of Engineers) $13,900,000 #

% Excludes $57,000 already expended on'preauthorization studiss.

Coast Guard _
Additional Aids to Navigation $ | 58,000
TOTAL FEDERAL FIRST GOST $13,958,000
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ESTIMATES OF ANNUAL CHARGES

LO. The estimated annual. charges have been computed for the
proposed improvement for both a B0-ysar and a 100-year life-of=
project. An interest rate for Federal investment of 2.375 percent
was used in computing annual charges, with 0.919 percent for
amortization over a 50-ysar period and O 1?9 percent over a 100~
year period.

L4l. Estimates of the additional annual maintenance dredging
to be performed were based on sxperienced rates of shoaling in the
axilsting channel., Estimates of additional annual maintenance to
navigation aids were supplied by the U. 3. Coast Guard. The
estimate of the probable length of the construction pericd is
based on the capacitiss of available large bucket-type dredges.
Interest during the construction period was computed at the Federal
interest rate of 2,875 percent.

L2. The estimates of ammual charges for the proposed channel
improvements are $586,200 for a 50-ysar life of project and
$477,200 for a lOO~year life of project.

ESTIMATES OF BENEFITS

L3. Benefits for the main channel have been based on the
gavings in transportation costs of petrolsum products by the use of
larger -oil tankers. Benefits to the India Pt. channel have been
based on the elimination of additional vessel charges and the
reduction in loading costs caused by the present practice of
loading at two terminals. Detailed estimates of the savings
expected to accrus to the proposed improvements are described and
tabulated in Appendix B of this report.

hli.. Benefits to main channel. Future increases in petroleum
consumption and the trend toward larger tankers which is already
prevalent, indicate that more petroleum will enter Providence
Harbor in the future and that substantial savings can be made by
uging ships which are too large to navigate the existing channel.

LS. The total waterborne receipts of petroleum and petroleum
products in 1960 was 6,258,300 short tons, This is expected to
increase to approx;mately 7,010,000 in 1968, 14,630,000 in 2018 and
20,500,000 in 2068. At present L5% of the petroleum receipts is
carried in deep-draft tankers which experience tidal delay. This
percentage is anticipated to increase to 50% in 1968, 60% in 2018,
and 70% by 2068, if the main chamnel is not improved, dus to the
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fact that larger vessels are more economical even with the tidal
delay involved. If the channel is improved to a LO-foot depth, it
is expected that these same deep-draft vessel sizes will increase
so that by the year 2018, ‘half the deep~draft commerce will be
carried in tankers whlch average 35,000 dwt and half in ftankers
which average 53,000 dwt.. .

46. Savings anticipated in future years were reduced to
equivalent annual benefits, and as growth was conservatively
projected on & straight-line basis, the savings were reduced to
present worth at 2.875% and then converted to annual benefits. The
annual benefits for the proposed L,0-foot progect ware ogtimated to
be $765,500 for a 50-year life-of~progect $967,100 for a 100-
year life-of~project.

47. Definite intangible benefits will result from easing the
bends in the existing channel. No monetary value has been placed
on the effect of the proposed smoother bends, however the larger
radii should result in savings both in operating costs and also in
the reduction in hazards to navigation, 1In the past there have
been many instances when incomlng tankers have almost run aground
due to the sharpness of the channel bends. No serious mishaps have
occurred as yet, but there is a strong possibility that a serious
catagtrophe could occur unless the radil of the critical bends are
lengthened. _

L48. Benefits to India Pt. Channel, The Tidewater Terminal
and Stevedoring Company and its associate company, General Scrap
Iron Inc., export serap iron from their dock on the India Pt,
channel. In recent years almost all the exports of this material
from Providence River and Harbor have been made from this dock. .
Tonnages from this terminal have fluctuated from 61,000 long tons
in 1959 %o a high of 11,000 long tons in 1961. The average annual
shipment for the past four years has been approximately 85,000 long
tons, Due to the avallable world markets for scrap iron, as a
substltute for iron ore in the production of low grade steel

India Pt, channal is 1mproved._ Tn the computatlon of benefits it
has been conservatively assumed that exports from this India St.
dock will averags 100,000 long tons annually in the fuiure.

49. The Liberty and Jumboized Liberty ships which are
currently engaged in this commerce ars not able to bs fully-loaded
due to the shallow condition of the India Pt. channel, These
vegsels can be only partially loaded at India St, and then must be
shifted to the Municipal Wharf at Field Pt. to complete their cargo.
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The cargo required to complete the loading at Field Pt. must be
shifted from the India St. terminal by truck to Field Pt. In
addition the loading facilities at Field Pt. are much less sffic=
ient than those at the India St. terminal, Extra costs are
incurred in shifting vessels to Field Pt., in dockage and wharf-
age fees at Municipal Wharf, in trucking cargo betwsen terminals,
and in the reduced loading efficiency at Municipal Wharf.

50, Comstruction of the desired India Pt. channel 30 feet
deep and 150 fest wide would permit loading of full cargoes at
the India St. terminal. The total annual benefits expected to
acerue as & result of the elimination of shifting and loading
vesgels at a second terminal are $22,800.

51, Total Benefits - Recommended Project. The total amual
benafits for the combined improvements, the 4O-foot main channel
and the 30-~foot India Pt. channel, are as follows:

50 yr. life 100 yr. life

}0~foot Main Channel $765,500 $967,100

30-foot India Pt. Channel 22,800 22:800
Total Annual Benefits $788,300 $989,900

COMPARISON OF BENEFITS AND COSTS

52. Main Channel, Comparisons of annual benefits to annual
cogts for the proposed LO~-foot improvement and also the considered
38 and LO-foot improvements to the main chammel for a 50 and a
100~year project 1life are tabulated below.

, 38+ Lo? b2t
50-Year Life Channel Channel Channel
fnnual Benefits $521,200 $765,500 $8,1,800
Annual Costs 356,500 574,700 808,600
Benefit-Cost Ratio 1.5 1.3 1.04
100-Year Life
Annual Benefits $6U9,900 $967,100 $1,066,000
Annual Costs 291,300 466,900 655,200
Benefit-Cost Ratio 2,2 2.1 1.6
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53, Although the benefit-cost ratio for the L2' channel is
unity or greater, the additional costs of deepening from LO to 42
feet are gresater than the benefits received. On the same basis
the LOwfoot channel appears more economically feasible than the
38-~foot channel, because the additional benefite are greater than
the costh of dredging the additional two feet,

Blie Indis Pt, Channel, Comparison of annugl benefits to
ammual costs for the proposed 30-foot improvement to the India Pt,
chennel. for a 50 and a lOO-year project 1ife are as follows:

50uYear Life 100-Year Life

Annusl Benefits $22,800 $22,800
Annusal Costs 12,100 10,700
Benefit-Cost Ratio 1.9 2.1

55, Recommended Improvement. The comparison of annual benefits
to annual charges for the combined 4O-foot main channel and the
30-foot India P%. Chamnel, for a 50 and a 100-year life are as
follows:

50-Yaear Life 100-Year Life

Annual Benefits $788,300 $989,900
Annual Costs 586,200 177,200
Benefit-Cost Ratio . . : - 1.3 2.l

RROPOSED LOCAL COOFERATION

56, The benefits to be derived from the improvements con-
gidered are general in nature and as such no cash contribution by
local interests is required toward the first cost of constiruction
of the project, Howsver, in order to realize fully the benefits
anticipated to accrue to the main channel, it is considered that
those major oil-handling berths now used by the majority of the
deep-draft commerce ghould be deepened to depths commensurate with
the congidersd LO-foot project depth. It is also considered
necessary that the berth of the India St. terminal be despened to
a depth commensurate with the considered 30-foot deep India Pt,
channel improvement. Reasonable assurances of compliance with
these requirements have been received.
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57. In addition to berth improvements it is proposed, and
local interests have agreed, to hold and save the United States
free from damages that may result from construction and maintenance
of the project. :

APPORTIONMENT OF COSTS AMONG INTERESTS

58. As the benefits from the considered improvements would
accrue to commercial navigation, annual charges have been computed
on the basis that the costs of channel improvements will be entirely
borne by the United 3tates and the berth improvements by local
interests.

COORDINATION WITH OTHER AGENCIES

59, All Federal, state and local agencies having interest in
the improvement of Providence River and Harbor wsre notified of the
public hearing held at Providence 26 April 1960. The U. S. Joast
Guard, the U. 8. Fish and Wildlife Service, representatives of the
State of Rhode Island and the City of Providence have been con-
sulted during the study concerning the considered LO-foot improve-
ment,

, DISCUSSION
60, Providence River and Harbor is a tidal estuary extending
from the northerly end of Narragansett Bay inland to the City of
Providence. The upper two and a half miles, comprising the harbor
proper, is 35 feet deep for widths varying up to 1,700 feet, ex-
cluding a marginal strip 75 feet wide channelward of the established
harbor lines. The 8.1 mile approach channel starts in deep water
in Narragansett Bay opposite North Point on Popasquash Neck and
runs north to Pomham Rocks at a 600-foot width and 35-foot depth,

6l. Almost ninety percent of the waterborne commerce in
Providence Harbor is petroleun and petroleum products. In 1960 the
waterborne petroleum receipts from foreign and coastwiss ports
totalled over six and a quarter million short tons. Due to antici-
pated increases in population and per capita consumption, this
total is expected to reach over 14,500,000 short tons by the year -
2018 and almost 20,500,000 tons by 2068.

62, At present L5% of the ocean-borne petroleum receipts moves
in deep draft vessels which experience tidal delays. In the future
with the current trend toward larger and larger tankers, it is
expected that even greater percentages will be carried in the larger
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classes of vessels, which draw-too much water to navigate the
existing chamnel, If the channel is deepened to 4O feet it is
anticipated that there will be an immediate increase in the size
of tankers using this port. This increase is conservatively
expected to continue at a gradual rate until the year 2018 when
about T0% of the ocsan~borne patroleum receipts will be carried

in deep~draft vessels, one half in vessel classes averaging 35,000
dwt and one half in vessel classes awveraging 53,000 dwt.

63. The Federal project chamnel will not be adequate to meet
the needs of prospective shipping unless it is deepened and unless
the critical bends ars eased. Studies were made of deepening the
channel to 38,40 or L2 feet. All three had benefit-cost ratios
greater than unity, but the L2-foot channel was judged incrementally
uneconomical in that the cost of dredging the additional two feet
(from 4O to 42) exceeded the additional benefits.

6l A study was made of the desire of local interests to
straighten the upper end of the approach chamnel by relocating it
to the east of Sabin Point Light. The cost of dredging to accomplish
this made the improvement economically unfeasible. Instead, all the
critical bends wers eased so that the minimum radiuvs for two-lane
traffic is 5,000 feet.

65. Consideration was given to alternate methods of trans-
porbation and sources of fuel. Thus forecasis of petroleum con-
sumption are coengervative because of the possibility that other
fuel and energy sources could supply a portion of this demand.
Studies of overland methods of transportation showed that water
carriers are the most economical method for dellverlng petroleum
to Providence River and Harbor.

66, In addition to an improvement in the main channel, local
intersgts requesied a 30~fool depth in the India Pt. channel.
Exports of serap metal in Liberty ships from a terminal near
India Pt. are hindered by inadequate depiths in the channel,
Vassels can only be loaded partially and then must be shifted to
Field Pt. to complete loading., This results in additional costs
in shifting vessels to Field Pt., in dockage and wharfage fees atb
Municipal Wherf, in trucking cargo betwesn terminals, and in
reduced loading efficiency at Municipal Wharf.

67. 4 30-foot channel improvement,150 feet wide, would be
sufficlient to permit full-lcading at the India St. terminal and
gliminate the additional charges, now incurred by the scrap iron
commerca. As an alternate to this improvement, consideration was .
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giver 1o the possibility of General Scrap Iron, Inc. moving its
entire operation to some location where a deeper berth was already
available. The cost of this alternative would far exceed the pro-
posed improvement. . = - - - | _

68. To insure reslization of the estimated benefits it is
congidered that those berths now used by the majority of the deep-
draft commerce in the Main chamnel, and the berth owned by General
Scrap, Inc. on the India Pt. Channel, should be deepened to depths
commensurate with the proposed project depths. The estimated cost
of deepening these berths is $325,000 and is considered self-
liquidating.

69. The LO-foot improvemsnt to the Main Channel and the
30 foot improvement to the India Pt, Channel would require a
Federal investment, including interest during constructicn, of
$14,7L3,000, The benefit-cost ratioc for this improvement is 1.3
bagsed on a SO0-year life~of-project, and 2.1 based on a 100~year
life-of ~-project.

CONCLUSION

70. The Division Engineer concludes that the LO-foot improve-
ment to the Main Channel, and the 30-foot ilmprovement to the India
Pt. Channel, as requested by local interests, best meet the needs
of navigation and are economically justified. He further con-
cludes that the proposed sasing of the ¢ritical bends is nscessary
%0 reduce hazards to navigation,

71. The proposed improvemsnt can be accomplished at a con-
struction cost of $13,958,000 to the Federal Government, including
$58,000 for additional navigation aids., Not included are pre-
authorization studies which have cost $57,000. Additional annual
maintenance costs are estimated at $24,000 for dredging and $2,900
for additional navigation aids., Local costs for improvements to
berths are estimated at $325,000.

RECOMMENDATION

72. The Division Engineer recommends that the existing
project be modified to provide a main channel 4O feet deep and
generally 600 feet wide into Providence Harbor, and a channel
30 feet deep and 150 feet wide along the India St. waterfront, as
shown on the maps accompanying this report, at an estimated cost of
$13,900,000, subject to the requirement that no construction work
on the project shall be accomplished until local interests agree to:
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(2) Hold and save the United States free.from damages
due to the construction and maintenance of the project.

(b) Provide and maintain without cost to the United
States depths in berthing areas commensurate with the project
depths, L :

P, C. HYZER . e
Colonel, Corps of Engineers
Divigion Engineer
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APPENDIX A

ESTIMATES OF FIRST COST AND ANNUAL CHARGES

l, General., This appendix preaents detailed estimates on the
first cost and annual charges of the considered improvements of -
Providence River and Harbor. The improvements are described in de-
tail in the main report and consist chiefly of extending the existew
ing chamel to the south, despening it to either 38, Lo, or 42 feet,
and also easing the bends in the channel to a minimum two-lane trafe
fic radius of 5,000 feet; and also deepaning India Pt, channel to
30 feet for a width of 150 feet,

2. Cost Estimates. Cost estimates are shown separately for
the three considered depths of channel - 38, 40, and L2 feet - for
modification of the existing 35-foot main channel; and also sep-
arately for deepening the Inda Pt. channel. The required grade for
rock was btaken as two feet below project depth. The detailed esti-
mates of firat cost include the costs for construction, contin-
gencles, engineering and design, and supervision and adminigtration.
Estimates of the annual costs of the improvements include interest
and amortigation over the life of the project, and costa of addi-
tional annual maintenance.

3. Materials. The materials to be encountered in providing
the considered improvements include both rock and ordinary material.
All material was assumed to be removed by bucket dredge, placed in
& scow and towed %o a dumping ground in the ocean Just south of
Nerragansett Bay.

L., Uhit Prices.. The. unit prices for dredging used in the
estimates of construction were based on recently experienced costs
of similar work inthe area. Estimates of the costs of navigation
aids to be relocated and constructed for the various considered
improvements and the estimates of maintenance were furnished by the
U. 8. Coasgt Guard.

5, Interest Rates. An interest rate of 2.875 per cent for
Federal investment was used in compubing the annual charges, with
0.919 per cent for amortization over a S0-year period, and 0,179

per cent over a loomyear perlod

6, Maintenance. Estimates of the quantltles of maintenance
dredging to be removed annually were based on experienced rates of
shoaling of the existing channsl.,
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Te Overdepth and Side Slopes. 4ll estimates of quantities
of dredging include two feet of overdepth in the channels,. Side
slopes were assumed to bes 1 vertical on 1 horizontal in reck, and
1 vertical on 3 horizontal in ordinary material,

8+ .Contingencies, Engineering and Administration, All alloww
ances to cover. contingencies during. construction, engineering and de=
sign, and supervision and administration are estimated on the bagis.
of past experience in the area. An additional allewance was included
in the engineering cogts for detailed s'budies oi‘ possible spoil areas
in the vicinity of the progect.

9, Preauthori zation Survey and Study Cogtse The sum of
$57,000 has besn expended for - praauthorization survey and study costs,

10, ~Berth. Im@_z_'_pvamnts. A% present there are ten wharves -
with major oii-handling capabilities, on the 35-foot. main chamel.
These wharves are listed belows .

East Providence
Socony-Mobil 0il Gempany ﬂharf
Atlantic Refining Company Wharf
Mexican Petroleum Corporation and American O0il Company
Wharf - (Kettle Pt,)
Gulf 0il Corporation Pier
Wilkesbarra Pier '

Providence
Mexican Petroleum Gorporation and American 0il Oompany
Pier - (Public St.)
Harbor Junction Pier
Narragansett Electric Company (below Fox Pt, barrier)
Bun 0il Company Wharf
Municipal Wharf S

It is not necessary that all ten be improved to assure full
uge of a deeper channel., It is expected that the more important
berths will be dredged immediately. Competition will result in ime -
provement to the other berths over the life of the projesct as larger
vessels come into use, The estimated costs of dredging those berths
now used by the majority of the deep-drafi vessels fo depths commenw
surate with the considered project depths are; §200,000, $275,000
and $350,000 respectively, for 38!, LO!, and L2' channels.

On the India Pt. channel there is only one wharf curfently
engaged in commerce, This wharf, with a berth depth of 35 foot, is
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owned by the Tidewater Terminal and Stevedoring Co. To ingure
the anticipated benefits this berth would have to be deepened
to a depth commensurate with the proposed 30-foot channel, The
estimated cost of this dredging is $50,000,

1l. Detailed estimates were made separately for the 38,
40, and l2-foot modifications in depth to the main channel and
for the 30-foot India Pbt. channel. Cost estimates are based on
prices prevailing in December 1962,

MAIN CHANNEL
PROJECT COST ESTIMATES
Cost
Account 381 4ot L2
Number Channsl Channel Channel
09 CHANNELS
Dredging 5,000,000 8,800,000 - 12,900,000
_ @ $1.30 @ $1.20 @ $1.15
$6,500,000 10,560,000 11,835,000
Rock Removal 12,000 25,000 . 15,000
@ $30.00 @ $30.00 @ $30.00
$360,000 750,000 1,350,000
Removal of Sabin
Pt. Light 20,000 20,000 20,000
Contingencies @ 15% $1,035,000 1,700,000 2,435,000
29 PRE-~-AUTHORIZATION STUDIES 55,000 55,000 55,000
30 ENGINEERING AND DESIGN lh0,000 150,000 160,000
31 SUPERVISION AND
ADMINISTRATION 335,000 520,000 740,000
TOTAL GOSTS '
(Corps of Engrs) $8,445,000 13,755,000 19,595,000
Non-Paderal Contributions ] 0 0

CYs

CYs
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MATN CHANNEL Cont'd

NON-FEDERAL COSTS | h
-1 401 - L2

_ .Channsl -~ Channsl Channel

Lands and Damages ) 0 0 . 0

Relocations S ¢ 0 0
Berth Improvements ‘ '

(Se1f-liquidating) $200,000 275,000 350,000

Total Non-Federal Costs - $200,000 275,000 350,000

~ SWMMARY OF ESTIMATED COSTS
| 38[ . } )_I_OI )-|-2.

Channel Charmel = Channel
Foederal Costs -
_ Corps of BEngineers - $8,hh45,000 13,755,000 19,595,000
.+ Coast Guard = S 53,000 23,000 22,000
| Total Federal ~ $8,198,000 13,808,000 19,648,000
Required Non-F_éﬂar_al Costs_;' | 200,000 275,000 350,000
TOTAL FEDERAL AND REQUIRED

NON-FEDERAL COSTS $8,698,000 14,083,000 19,998,000

INDIA POINT CHANNEL

PROJECT COST ESTIMATE

Cost . X
Account
Nunber
09 CHANNELS ' '
Dredging 135,000 c.y. @ $1.20 $160,000
Contingencies @ 15% _ 7 21,000
29 PRE.AUTHORI ZATION STUDIES _ . 2,000
30 ENGINEERING AND DESIGN 6,000
3]. SUPERVISION AND ADMINISTRATION 102000
TOTAL COSTS (Corps of Engineers) : $202,000
Non-Faderal Gentributions ' 0

Al _ R 2/63



INDTA POINT CHANNEL Cont'd
NON~FEDERAL COSTS

Lands and Damages | 0
Relocations 9]
Berth Improvements (self-liquidating) o . $50,000
Total Non-Federal Costs ' - $50,000

SUMMARY OF ESTIMATED COSTS

Pederal Costs

Corps of Engineers $202,000
Coast CGuard | - - 5,000

Total Federal | $207,000
ﬁequired Non~Federal Costs ' o . 50,000

TOTAL FEDERAL AND REQUIRED
NON-~FEDERAL COSTS $257,000

SUMMARY OF COSTS FOR RECOMMENDED PROJECT

(4LO-Foot Main Channel and 30-Foot India Pt. Channel)

Cost
Account
Number

09 CHANNELS |
Dredging 8,935,000 c.y. @ $1.20 $10,720,000
Rock Removal 25,000 c.y. @ $30.00 750,000
Removal of Sabin Pt. Light 20,000
Contingencies 1,724,000

29 PRE-AUTHORIZATION STUDIES 57,000

30 ENGINEERING AND DESIGN | 156,000

31 SUPERVISION AND ADMINISTRATIONV 530,000

TOTAL COSTS (Corps of Engineers) : $13,957,000

Non-federal Contributions 0
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SUMMARY OF COSTS FOR RECOMMENDED PROJECT Contid

NON-FEDERAL COSTS

Lands and Damages : ' o ¢]
Relocations 0
Berth Improvements (Self-liguidating) $325,000
Total Non-Federal Costs ' $325,000

SUMMARY OF ESTIMATED COSTS

Federal Costs

Corps of Engineers 313,957,006
Coast Guard 58,000

Total Federal $14,015,000
Required Non-Federal Cogts . ' 325,000
TOTAL FEDERAL AND REQUIRED NON-FEDERAL COSTS  $1k,3L0,000

12, Estimates of Annual'chafgeé. The estimates of Federal invest.
ment and annual charges for the congidered improvements. are shown below:

MAIN CHANNEL
381 Lot 421
Channel Channel Channel
Federal Investment
First Cost - Corps of Engrs
excluding preauthorization -
studies $8,3%0,000 $13,700,000 $19,Sh0,000
Interest during Construction ‘ '
@ 2-7/8%/ year 3 yrs 360,000 U4 yrs 790,000 L yrs 1,125,000
First Cost - Coast Guard 53,000 53,000 53,000

TOTAL FEDERAL INVESTMENT $8,803,000  $1L,543,000 $20,718,000
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MAIN CHANNEL Cont'd

Federal Annual Charges - - ~ 50-year life

38
Channel
Interest on Investment
@ 2-7/8% $253,100
Amortization @ 0.919% 81,000
Annual Maintenance
Navigation Aids 2,400

Additional Channel Maint. 20,000

FEDERAL ANNUAL CHARGES

(50-year life) $356,500
Federal Amnual Charges - - - 100~year life
- 381
Channel
lInterest on Investment
@ 2-7/8% $253,100
Amortization @ 0.,179% 15,800
Annual Maintenance
Navigation Aids 2,400

Additional Channel Maint. 20,000

FEDERAL, ANNUAL CHARGES

(100-year life) $291,300
Non-Federal Annual Charges
{(h0~year & 100-year life) 0
TOTAL FEDERAL AND NON-FEDERAL
"ANNUAL CHARGES
50-year life $356,500
100-year life 291,300
A7

4o
Channel

$1418,100
133,600

2,400
20,000

$574,100

Lo

Channel

$418,100
26,000

2,400

20,000

$L66,500

$574,100
166,500

L2
Channel

$595,600
190,600

2,400
20,000

$808,600

L2t

Channel

$595,600
37,200

2,400

20,000

$655,200

$808,600
655, 200
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INDIA POINT CHANNEL

Foderal Inveastment

First Cost - (exeluding pre-authorization atudies) ; 3260,000
Federal 4nnnal Charges = - - 50wyear ltl.fc
'Interest on investment @ 2,875% - $§ 6,610
Anortization @ 0,919% 2,130
Annuel Maintenance
Chennel . k4,000
Navigation Alds ;a 00
FEDERAL ANNUAL CHARGES. (50=year 1life) ¢ L33 I
Non-Federal Annual Charges : : e
TOTAL FEBERAL AND NON-FEDERAL | | |
AN UL E3 - 50-year life $ 13,300
Faderal--ﬂnnual Charges = « ~ 100-year life
Interest on investment @ 2,875% - $ 5,800
Amortizetion © 0.179% - Koo
Annual Maintenance '
Channel - 1,000
Navigation Aids ;00
FEDERAT, ANNUAL CHARGES (100~year 1life) G,
Non-Federal Annual Charges IRE : 0

TOTAL FEDYRAL AND NON-FEDERAL _
"ANNUAL CHARGES - .10O-yesr life : | | $ 10,700

SUMMARY OF ANNUAL CHARGES FOR RECOMMENDED PROJECT

(40-Foot Main Channel and 30-Foot India Pt. Channel)
50-year life  100.-year life

Federsl Annual Charges - $586,200 $477,200
Non-Federal Annual Charges ' _ 0 , 0

TOTAL ANNUAL CHARGES $586,200 $1477,200
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- APPENDIX B ~ ECONOMICS

1, General. - This appendix describes the studies and znalyses
made to evaluate the benefits resulting from deepening both the main
navigation channel into Providence Harbor and also the India Pt,
channel, The improvements are presented in detail in the report and
shown on the report maps.

2. The main or existing project chammel, which is 35 feet desp
and generally 600 feet wide, is adequate for navigation by all vessels
except the larger tankers, The significant benefit from channel im-
provemsnt is the reduction of tidal delays to tankers now in use, and
the capability of using larger tankers. Therefors, benefits have
been evaluated on the reduction in the transportation costs of petro-
leum and petroleum products in deep~draft tankers, The benefits :
depend on the projection of future petroleum commerce for Providence
River and Harbor. and the sizes of future tankers that will be used.
The volume of petroleum commerce. hag been based upon the needs of
the tributery population of the harbor., 4As the India Pt. channel is
not affected by petroleum commerce, the benefits for it are computed
separately, beginning on page 12 of this appendix.

3. Population of the Tributery Area. - The tributary area for
the Port of Providence was determined by the use of freight rates on
petroleum products. In general this area includes almost 90% of the
State of Rhode Island, and extends into the northeast corner of
Connecticut and into south ceniral Magsachusetts. It is estimated
that the population of this area has increased from approximately.
605,000 in 1900 %o 910,000 in 1930 and then to 1,280,000 in 1960, At
present, approximetely 60% of this population ig in Rhode Island,
gbout 5% in Connecticut and 35% in Massachusetts. The averags annual
population growth for the part of the itributary area within each
sbate was determined by a study of U. S. Bureau of the Census popula-
tion statistics for the years 1900 - 1960. The following table
indicates the average ammual rates of growth in each state for the
first 30 years, the second 30 years, and the complete 60-year pericd.

- TABLE I

Rate of Growth of Population

Tributary " Average Annual Rate of Growth - Percent
State . 1900 - 1930 © 1930 - 1960 ‘ 1900 - 1960
Rhodse Island 2,12 : 096].]. 1.60
Massachusetts 1.09 2,76 2437
Connecticut 0.03 ha15 2.08
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Teking into account the portion of the population in each state, the
weightedwaverage rate of annual growth for the tributary area for
the past 60 years was determined to be 1,9%. This was less than the
average rate of annual growth for the nation which was about 2,5%
for the same peried. According to V. S, Buresu of ‘the ‘Census projec=
tions, -the average annual rate of growth for the United States will
be slightly over 2% for the next 50 years, It seems ressonable to
agsume that the Providence tributary area will also increase in the
future, but at a slower rate than in the past. In the computation
of benefits the population of the tributary arsa was conservatively
asgumed to increase in a straight-lins et an avarage annual rate of

1.5%.

he Petroleum Gonsgmgtion. - Baged on statiatics in ‘the 1959
centennial edition of Petroleum Facts and Figures, published by the
American Petroleum Institube, the United States ennual per capital de-~
mand for petroleum increased from 1h.2 barrels in 1949 to 19.1 in
1958. For the same period, based .on the percent of population in
each gtate, the Providence tributery area increased from 29 to 32,
The  demand in this area is much higher than the average for the ne=
tion, because: of the denser degree of development and the high con-
sumption of heating oils. According to Minerel ‘Facts and Figures -
1960 edition, published by the Department of the Interior, the

" United States annusl per capital demand is anticipated to increage.
from the 1958 figure of 19.1 to 264l by the year 1975, Another
gource, The Adequacy of Regources for Economic Growth in the United
States. - Joint Eeonomlc GCommittee Study Paper No, 13-6- Beeember
1959, indicates that the United States per capita demand will be ap=
‘proximately 33 by the year 2000.

5. The future demand for: petroleum in the Providence tribu-
tary area due to the present denser degree of development in this
section of the country, is expected to increage at & slower rate
than the national average. For the purpose of this study it was
conservatively assumed to increase to LO barrels per capita by the
year 2018, an increase of only 25%, Advancement in other energy
fields such 4s atomic and solar, will probably cause this petroleum
per capita demand to level off beyond thls time.

6., Commerce. - The Provzdence Harbor receipts of petroleum.
and petroleum products from foreign and coastwise ports for the year
1960 was 6,258,300 short tons. Due to the projected increages in
population and demand, the waterborne petroleum receipts to
Providence River and Harbor are expected to reach almest 20,500, 000
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short tons by the year 2068. The projected receipts were calcu-
lated by increasing the tonnage of 1960 in proportion to the an-
ticipated rate of growth in population and to the expected in~
crease in per capita demand of the tributary arsa, as follows:

Domand Waterborne

Population Increase Petroleun
Tear Increasq Factor Factor Recoipts
1960 6,258,300 | |
1968 6,258,300 x (1 # 0,015 x 8 yrs.) # x 32 7,009,300
2018 6,258,300 x (1 + 0,015 x 58 yrs.) x ig - 14,628,800
2068 6,258,300 x (1 + 0,015 x 108 yrs.) x §§ 20,495,900

# Averége annual rate of growth = 1,5%

7. Vessel Traffic. - Detailed statistics for the year 1960
show that 5% of the waterborne oil receipt tonnage was in ves-
sels which experienced tidal delay, Twenty percent of this was
foreign trade and 80% was domestic., A survey of current tanker
construction .in the United States and World shipyards shows a def-
inite trend to larger supertankers. Table IT, based on informse
tion published by the American Bureau of Shipping, indicates sta-
tistically, this trend toward larger oil carriers. Table III indi-
catesgthe age of U. S. oil tankers of 10,000 gross tons and over ag
of 19 80

TABLE II

0il Tankers Under Contracht, Under Construction or Launched
T ' 1947 to December 1959

Vessels Launched Vessels incomplete
Up to December 1959 Up to December 1959

DWT Total No., % of Total No. % of Total
18,000 to 20,000 81 80 15.8 1 0.6
20,000 to 30,000 181 167 32.9 1l 842
30,000 to 40,000 199 170 33.5 29 17,1
40,000 to 50,000 158 71 1,0 87 5142
50,000 and over 58 _19 3.8 39 22.9

677 507 100,0 170 100,0
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TABLE III

Age of U. 8. Fleet :
(Gompiled from Lloyds Hegigter of Shlppi@g)

Yoars of Age _ 10,000 Gross Tons and Ovar Average Qross Ibga
Under 5 38 Vessels 615,205 Gr,T. 16,200
5 %0 10 -1k Vessels 231,66L Gr.T. 16,500
10 to 15 92l Vessels  2,36ly331 Gr.T, 10,600
15 to 20 33 Vegsels 35,511 Gr.T. 10,700

It is expected that a. large number of tankers will be replaced in the
next 5 to 10 years, very probably by vessels of from 26,800 to 50,000
dwt carrying capacity, having mean loaded salt water drafts up to
about 38 feet. The trend toward construction of larger oil tankers
is much more pronounced in the World tank fleet, where vessels over
100 000 dwt ars already in operation. O0il companies and American
Merchant Marine Institute representatlves have stated that larger

ships would be put into service in Providence River and Harbor if the
channel were deepened° _

8. Table IV shows the increase in 1arger vessel traffic at
Provmdence Harbor-in recent years, especially in the sizes that expe-
‘rience tidal delay., "By 1968 it is conservatively estimated that 50%
of the oil: receipt tonnage will be in ships which experisnce tidal
- delay, - This proportien is expected to increase to 60% by the year
‘ 2018 and 70% by 20680. :

TABLE IV

Providence Harbor Tanker Traffic - Incoming Vegsel Trips

. Draft - o 1955 1956 1957 1958 1959 1960
28 33 5k 1 16 22 16

30 - a:~T=" '7h . 78 _ 5h 70 23 28

31 C o150 161 160 122 103 101

32 o 32 L0 52 48 72 56

33 L 3 b 6 1k 12

34 1 16 2k Lo L9 - 55

35 : | 2L 23

Over 3 _ 3 2

——— mmudeed s eewwcems e o

Total (Deep-draft) 307 352 308 302 310 293
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9. As the percent of the world oil reserves located in the
United States is decreasing and is expected to decline further in
future years due to the more rapid discovery of oil elsewhers in the
world, and the depletlon of the American reserves, the amount of
foreign imports is expected to increase. Total imports of foreign
0il had risen from 810,500 short tons (14% of total ocean-borne
petroleum receipts) in 1950 to 1,362,500 short tons in 1958 (22.5%
of total ocean~borne receipts). In 1959 when the Federal Government
imposed a quota on the import of foreign o0il, these foreign imports
fell off to 1,242,700 tons in 1959 (19.5%), 1,054,000 in 1960 (16.9%)
and to 922,000 tons in 1961 (1L.7%). In 1960, although foreign oil
imports wera only 16,9% of the total ocean-borne oil receipts, they
were 208 of the portion of the oil receipts carried in large wessels,
This percentage is anticipated to increase to LO% by 2018 and 60% by
2068, due to several factors. First, it is expected that gradual
relaxation of the Government quota on foreign residual will take
place in the immediate fubture, as a result of economic, as well as
national policy, pressure. Secondly, it is expected that greater
portions of the foreign imports will be in the form of refined
products. As the most economical location of refineries is at the
source (near the oil fields), it would appear that as the consunption
in foreign markets increases, there will be a need for more refineries
~atb foreign oil fields. It would also seem-wafter the year 2000--as
U, 3. reserves are legss able to meet the entire U. S. demand, that
inland sections of .this country will be supplied by Gulf and South-
west Coast fields, and that coastal sections, espscially the North
Atlantic, would be more sconomically supplied by tankers from foreign
gources., Finally it does not appear economical in the future for
foreign crude to be imported to Gulf or New Jergey rofineries and then
rehandled and redistributed to New England ports. Table V shows the
division of projected oil receipts, by percent and by tonnage, which
was used in deriving benefits over the life of the project.

TABLE V
- Projected Petroleum Receipts
Total % % % Tonnage Tonnage Tonnage
Ocean~borne - in Foreign Domestic din in in
Petroleum ILarge in Large in Large Large Large Large
Year Receipts Vessels Vessels Vessels Vessels Foreign Domestic
1960 6,258,300 U5 20 80 2,816,200 563,200 2,253,000
1968 17,009,300 50 20 80 3,504,600 700,900 2,803,700
2018 14,628,800 €0 40 60 8,777,300 3,510,900 5,266,L00
2068 20,495,900 70 60 4o 1,347,100 8,608,300 5,738,800
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10. According to statistics published by the Atlantic Regional ' -’
Statistical Office of the Corps of Engineers, L5% of the 1959 re- '
ceipts to Providence Harbor was carried in vesgsels which expsrienced
tidal delay. These statistics showed the tonnage carried by each
draft of vessel, but to simplify computations the drafts wers come
bined into general vessel classes which approximate the drafts listed
in the statistics. The same general vessel categories have been as-
sumed. to remain unchanged until 1968 unless the channel is deepened.
If the channel i1s deepened, local shipping companlies and the American
Merchant Marine Institute have stated that deeper-draft vessels would
be used. It ig felt, however, that although larger tankers would be
added, the majority of the 1963 deep~draft commerce would gtill be-
carried in tankers already in use., Table VI shows the anticipated
division of large vessel classes which was used in the computation of
benefits,

TABLE VI
Future Tanker Sizes
Yeaf 35t Channel 381 Channel Lot Channel L2t Channsl
1968 1/3 - 19,000 dwt 1/4 - 19,000 dwt 1/L - 19,000 dwt 1/ - 19,000 dwt
1/3 - 25,000 1/l - 25,000 1/L - 25,000 1/L - 25,000
1/3 - 32,000 1/k - 32,000 1/L - 32,000 1/L - 32,000
1/4 - LO,000 1/L - L6,000 1/4 - 53,000
2018 1/2 - 29,000 1/2 - 32,000 1/2 - 35,000 1/2 - 10,000
1/2 - 32,000 1/2 - 46,000 1/2 - 53,000 1/2 - 53,000

~Same Veasel Classes as in the Year 2018 —cewmeco-w

11, Benefits. - Benefits derived from deep-draft channel improve-
ments are svaluated by calculation of the savings in cost of transporta-
tion of petroleum commerce which would result from use of larger tankers
and the reduction in tidal delay to tankers already in use. Detailed
studies wers made to determine the savings in transportation cost for
gach of the three channel depths.

12, Cost of Operating Tankers. - Estimated hourly opsrating costs,
dead weight tonnage and average operating speeds of several gizes of
superbankers were derived from publighed data. Table VII presents
principal characteristics of representative types of tankers in both
the United States and World flests.
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TABLE VII

Characteristics of Qcean-Going Tankers

Dead Design Operating Costs (Dollars per hour)
Weilght Length Beam Draft Speed "U. S. Flag Foreign Flag Fuel/Day
{Long Tons) (Feat) (Knots) At Sea In Port At Sea 1in Pord (Long Tons)

19,000 550 71 30t.7v 16 201 180 125 105 51
25,000 577 79 33-6v 16 217 196 135 18 53
29,000 627 83 33t-2v 17 247 217 159 129 on
32,000 65l 86 3hre2r 17 260 229 168 138 75
35,000 667 90 3h4'-6" 17 - 27h 2h3 176 | 16 76
40,000 715 93 361-7" 17 305 266 198 160 89
46,000 737 103 381-0v 17 317 277 207 168 92
50,000 733 102 38t-9n 17 33L 291 219 177 98
535000 786 102 39v.3r 17 357 313 234 190 o 12

60,000 810. 104  Lir.8 17 382 338 249 205 Joz2



13. Cost Per Ton. - The data in Table VII were used in comput-
ing the cost per ton for delivery of petroleum by tankers on round
trips from both South American and Gulf ports to Providence using
the existing 35-~foot. ¢hannel and also using the considered 38, LO
and L2=foot channels. It is assumed that all domestic traffic is
in domestic vessels and all foreign commerce in foreign flag ves-
sels. The following is a typical computation for a domestic come
merce vessel.

~ Capacity - 35,000 dwt, Fuel = 76 Long tons/day
Speed - 17 knots  Draft = 3L1-6"
Average distance - Gulf port to Providence
Harbor = 2,100 nautical miles |
Depth of channel = '38'
17 x 2k = )08 nautical miles per day
2,100/L08 = 5,15 days, one way
.15 % 2 = 10,30 days, rd. trip at sea
Fusl = 76 x 10,30 = 763 |
Add 5 days fuel = 380

Add sﬁores, water,.etc. - 250
1,413 Long tons

35,000 - 1,413 = 33,587 Long tons net cargo
33,587 x 1.12 -~ 37,617 Short tons net cargo

10.30 x $27h x 2 = $67,733

Cost at sea

Cost in port = 23 x 2 = 5,832
Tide delay (2% hrs.) = 274 x 2,5 = 685
Round trip plus one day in port = $7},250

Delivery cost $7L,250/37,617 - $1.98/short ton
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1, - A summary of delivery costs per ton of petroleum from the
Gulf ports for both the exisiing and considered channels is shown
on Table VIII. Table IX shows similar information for petroleum
from ports in South Amarica.

TABEE VIII
~ Cost Per Ton qumegstic Shipping

Gulf Ports to Providence (2,100 Nautical Miles)

Vessel Class 35 38t Loy L

(Long Tons) Channel Channel Channel Chennel
19,000 - $2.89 $2.88 $2.88 $2.88
25,000 | 2.32 2430 2430 2430
29,000 2417 2,14 2,14 2.1
32,000 2,09 2,05 24,04 2404
35,000 2,06 # 1.98 1.96 1.6
10,000 - 1.93 1.91 1,90
46,000 - 1,81 % 1eTh 1.72
so,ooo - 1479 * 1.69 1,67
53,000 - 1.7 1469

60,000 LeT5 % 1463 #
# Vessels not fully loaded.
TABLE IX

Cost Per Ton of Foreign Shipping

South Amﬁric& to Providence (2,000 Nautical Milaes)

Vogsel Glass 35¢ 38¢ -~ hov L2t

(Long Tons) Channel Channel ~  Channel Channel
19,000 - $1.68 o $1.68 $1.68 $1.68
25,000 1,38 1.36 1.36 1,36
29,000 1.33 1.31 1.31 1.3
32 o0 1028 1026 1025 1.25 :
355000 1,26 *# 1,20 1.19 1,19
10,000 - 1,19 1.18 1417
116,000 - 1,12 # 1.08 1,07
50,000 - 1.12 % 1.05 1.0l
53,000 - - 1,06 1,05
60,000 - - 1,08 1,01 #

# Vessels not fully loaded.
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_ 15, Total Costg. - The total petroleum delivery gosts in 1968,
12018 and 2068 were derived by computing the costs of transporting
the. projected oil tonnages shown in Table V, in the projected large
vessel classes shown in Table VI. These costs are ghown on Table X
for the existing 35-foot channel, and for the considered 38, L0,

and L2-foot channels. L '

16, Savings in Delivery Costs. - The pogsibility of operating
larger tankers in the three chammels under study would mean a con-
siderable savings in petroleum. transportation cogts over delivery
costs using the existing 35-foot channel, The three alternate chane
nels under study are listed below with the estimated savings in pe-
troleum tran3portatlon cogtg, - , : .

Potroleun Delivery Cost - Sawlngs Ovor 35t Channel

Yoar Domesgtic Forelgg Total Savings 3*

38t Channel

1968 ﬂ' $ ho2,h00  § 52,000 $ 253,260

2018 . 1,053,200 403,800 930,400

2068 o 1,147,700 990,000 1,563,800
4Ot Channel -

1968 542,500 73,000 344,200

2018 1,553,500 632,000 1,408,800

2068 1,692,900 1,549,600 25396,000
421 Channel T D

1968 577,600 © 78,200 367,000

2018 1 76u,200 : 68& 600 1,566,700

2068 . . 1,922,400 1,678,700 2,639,900

# Savings on Domestic Traffic credited 1/2 to shipping porte
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1968

2018

2068

1968

2018

Total
Tcmage

2,803,700

5 9266 ,1100

5,738,800

700,900

3,510,900

8’608 ’m

TABIE X

Transportation Costs ~ 35! Channel  Transportation Costs - 38' Channel Transportation Costs - 4O Channel
@ssel Tonnage oSt Total essel Tomnage Cost Total Vessel Tonnage Cost Total
Class By Vessel /ron Costs Class By Vessel /Ton Costs Class By Vessel /Ton  Costs
DOMESTIC COMMERCE
19,000 034,600 $2.89 $2,701,000 19,000 700,900 $2.88 $2,018,600 19,000 700,900 $2.88 $2,018,600
25,000 934,600 2,32 2,168,300 25,000 700,900 2,30 1,612,100 25,000 700,900 2,30 1,612,100
32,000 934,600 2,99 1,953,300 32,% ;gg,gg i.os 1,h32,800 ﬁg,ooo 700,900 2.01}: 1-,&29,200
0 093 1,E§_ ,%-oo 000 700,900  1.74 1,219,600
~8,822,500 ’ ’ »420,200 ’ ’ 1"‘8""—,2 0,100
29,000 2,233,200_ 2,17 5,711;,200 ig,% 2,23§,2agg 2.25 S,Bzg,igg gs,oog g,ggxggg i.% 5,161,;00
32,000 2,633,200 2,09 _5,503,400 L6, 2,633, 1.8 _4,766, 3,00 633, 71 g,goz, 00
11,217,400 10,164,200 9,663,900
She o TR LE B MOIR I LR ZE iR 1N A
32,000 2,869,L00 2,09 997,000 000 2,869 81 ( . ' 00
’ ’ » I EED ’ » » SR CT i » s s RN
FOREIGN COMMERCE
19,000 233,600 $1.68 $ 392,400 19,000 175,200 $1.68 & 294,300 19,000 175,200 $1.68 $ 294,300
25,000 233,600 1.38 322,400 25,000 175,200 1,36 238,300 25,000 175,200 1,3 238,300
32,000 233,600 1.28 299,000 iz,ooo 172,200 1,26 223,;100 gg,ooo 17;,200 1.{2)% 2%9,000
0,000 175,200 1,19 208,500 000 175,200 1. 189,200
W, 3,.566 ’ ’ — ml, f » ] — 5 O‘,
29,000 1,7g§,too 1.33 2,3&;,700 gg,goo i,;gg,ﬁog iig 2’%%’283 gs,ooo 1,;22,11100 1%2 2,(8)_28,900
32,000 1,755,400 1.28 2 900 46,000 1,755,400 %1, 1 3,000 1, 00 1. 1,860,700
’ ’ ’ ' L s; 81 9600 5:177 ) 800 ’ 3 ,959155
29,000 h4,304,200 1,33 5,724,600 32,000 4,304,200 1.26 5,423,300 35,000 4,304,200 1,19 5,122,000
32,000 4,304,200- 1,28 5,509,400 U6,000 4,304,200 #1,12 _L,820,700 53,000 k4,304,200 1,06 _L,562,L00
. If:'fil':w _10"'511‘—,2 5000 T%EE‘E‘, 400

#Wessel Not Fully Loaded

Iransportation Costs - 42! Chammel

Vasgsel

Class

19,000
25 ,000
32,000
53,000

40,000
53,000

140,000
53,000

19,000
25,000
32,000
53,000

10,000
53,000

40,000
53,000

Tormage

By Vessel

700,900
700,900
700,900
700,900

2,633,200
2,633,200

2,869,L00
2,869,400

175,200
175,200
175,200
175,200

1,755,400
1,755,400

14 4304,200
L ,304,200

Cost Total
[Ton  Costs
$2.88 $2,018,600
2,30 1,612,1@
2.gh 1,h§9,80)
1.69 1,1 %,ga)
2 ]
}‘.g”; ;):,%3’1(:0
. 0,100
9,5'5'3,2(1}
165 ibisim
. 9
10,501,2&
$1,68 § 294,30
1.3 238,30
1.3;5 ‘ 2%3,0(1)
1. 18} ,000
e
. {41
3 »
R A
. 19,40
9, »



17, Savings anticipated in future years were reduced to equivalent
annual benefits for both a 50 year life-of-project and a 100 year
life-of-project. As growth was projected on-a straight line basis,
the savings were reduced to present worth at 2,875% and then cone
verted to annual‘equ%valenﬁ benefits by the following factors:

Average Annual Equivalent Factor - 50 year straight

line growth 0439572

Present Worth Factor - = 50 year uniform series = 26,352
Present Worth Factor - 50 yeér gingle payment = 0,242l
0.03054

18, 4 summéry of the annusl benefits for the main channel baged
on the above criteria, is listed below:

i

Capital Recovéry Factor - 100 year

50 Year Life 100 Ysar Life

381 Channel  $821,200 $ 649,900
4O Channel 765,500 967,100
42! Channel 841,800 1,066,000

19, India Pit. Channel, The Tidewater Terminal and Stevedoring
Company and its associate Company, General Scrap Iron, Inc., owm and
operate a terminal at India $t., Providence, on the India Pt, Channel,
This dock, used for the export of scrap metals, is located at the
northeagtern cornsr of Providence Harbor, near the mouth of the
' Seekonk River, between Fox Pt. and India Pt,. Thereare about 650

feeti of waterfront with a berth depth of 25 feet, and open storage
area of gbout 2% acres. There is a controlling depth of 22 feet ab
mean low watesr in the unimproved approaches to the berth, The India
St. yard is connected to .adequate highway and rail facilities, In
addition to this yard, the Company owns another yard on Dexter Rd,.,
_BEagt Providence, about 'l mile away.on the left bank of the Seekonk
River, In anticipation of fubture export increases General Scrap
Iron, Inc. has formulated plans for developing an additional terminal
on the waterfront adjacent to their wharf,

20, Scrap metal is received at the India St. yard by truck from
either the Dexter 8i. yard or other yards within a 35-mile radius of
Providence. The scrap is weighed and placed in piles of 1,000 gross
tons prior to loading on ship. Vessels at India St. terminal are
loaded by two or three cranes having a total capacity of 900 long
tons per daye
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: 21, BExisting Commerce and Vessel Traffic. . Exporits of scrap
iron from Providence River and Harbor have more than quadrupled
since 1953. In recent years almost.all the exports of this maber-
ial have been shipped from the. India 8t. dock. .Tonnages from
this terminal in recent years have -fluctuated from 61,000 long
tons in 1959 to a high of 11&,000 long tons in 1961, The aver-
age annual shipment for the past four years has been approxlmy.
ately 85,000 long tons, :

22, In this harbor most of the vessels presently engaged
in scrap iron commerce are foreign ships in the Liberty and
BJumboized" Liberty classes. The "Jumboized" Liberty.is a: reno-
vated Liberty ship which has been elongated by +the addition of
a new, longer midsection. Both classes have similar drafis, °
about 27t-6%, The Liberty vessels hold about 9,300 long tons
of serap, and the larger wvessels, about 11,300 long tonso-

23, Prior to 1959, all cargo from the Tndia Stn termlnal
wag exported in partially-loaded vessels, the remainder of the
load being made up at other ports. This practice was not econ-
omical and resulted in higher transportation costs. ..In order to
reduce these costs efforts have baen made to export. fullywloaded
vessals. Due to the shallow depth'in the channel in front of the
terminal, the vessels must be partlally loaded at the India St.
dock, and then moved to another wharf in the main harbor to '
complete loading, Thig practice, while more economical than the .
formsr, still does not allow for the most economacal method of
shipping. -

2. The following table shows i the total vessel trips and
export tonnages for the years 1959 through 1962, with the ‘corres- .
ponding fully-loaded vessel trips and tonnagesok - Lo

_ Tonnage _ % Total Annual
Total  Total No, Fullthoaded Fully-loaded Tonnage Carried in
Year Trips Tonnage Vegsel Trips Vegsels = Fully-lLoaded Vessels
1959 10 61,000 ' 36,500 608

h

1960 13 86,500 6 5,300 63
. -
7

1961 14 114,000 86,300 70

1962 8  8li,500 73,500 87
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25, Difficulties Attending Navigation. The controlling depth in
the harbor approach to the Indis St. dock is 22 feet. This means
that the ships can be loaded only partially at this dock, and then
"mist be shifted to Field Pt. before being completely f£illed, ILiberty
ships can be loaded with unly 6,500 long tons, and Jumboized Liberty
ships with only 9,000 long tons. Depending on the particular ship,
this necessitates loading, on an average, an additional 2,800 long
tons at Fleld . Pt. to fill a Liberty ship, and 2,300 long tons to
£411 the Jumboized Liberty. Despening the channel would make it
possible to fully load all vessels at the Indle St. dock, thereby
reducing vessel and cargo loading and handling costis.

26, Projected Commerce. Despite recent introductions of
alternate metals in the fabricatlon of products; formerly the exclusw
ive prerogative of steel, the export trade in iron scrap has con-
tinued to incrsase. It ls considered ‘that the increase is due
primarily to the lower price of serap iron as compared with iron
ore. The requested improvement would substantially reduce the coat
per ton- of exported scrap, making it more favorable to the world
market, particularly to areas such as Japan, where both iron scrap
and iron ore must be imported. Dus to the present industrial growth
rate In Japan, and that anticipated in similar areas of the world,
it is considered that exports in scrap iron will continue to in-
¢rease, Baged on past records of this commerce, with recognition
made of large anmial fluctuations, 1t is estimated conservatively
that an average of 15,000 tons will be added to present commerce in
the harborn .

27. Benefits. Benefits are expected to accrus to the consid-
ered improvemsnt due to the elimination of additional vegsel charges
and the reduction in loading costs caused by the present practice of
loading at two terminals. The shallow depths in the channel approach-
ing the India St., dock 1imit the capacity to which a vessel can bs
loaded, At the present comtrolling channel depth Liberty ships can
be loaded to only 6,500 long tons, and Jumboized Liberty ships to
only 9,000 long tons. The additional 2,800 tons required to fill the
former, and the 2,300 tons required for the latter, must be loaded at
the Municipal Wharf at Field Pt. Extra costs are incurred in shift-
ing vessels to Field Pt., in dockage and wharfage fess at Municipal
Wharf, in trucking cargo between terminals, and in the reduced load-
ing efficiency at Municipal Wharf.

28, In the past, most of the scrap iron has been exporied in

Liberty ships, which were built in World War II. In recent years
there has been a gradval increase in the use of Jumboized Liberty
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ships, which are more economical. Also, the Jumboized Liberty ship —r’
is more representative of the class of vessel which will be used in

the future exports of scrap iron. For these reasons, this vessel

wag conservatively assumed to carry all future commsrce°

29, Of the projected annual commerce of 1009000 1ong tons, it
is conservatively assumed that 10 000 tons would still be carried
in partially loaded vessels even after the channel is deepened, This
is approximately the same percentage as in 1962, It is assumed that
the remaining 90,000 tons will be exported in 8 vessel trips by
Junboized Liberty ships.

30, The cost of shifting one wvessel from the India St. dock
to Field Pt., including the charges for two tugboats and running
and dropping of lines is sbout $450, For 8 vessels per year this
amounts to an annual benefit of $3,600,.

31l. Dockage and Wharfage fess at Municipal Wharf would amount
to an estimated 15¢ per ton over that required for loading cargo at
the India St. dock. As each shifted vessel must load an average of
2,300 tons; this would amount to an annual benefit of $2,800,

‘32, The cogt of ghifting cargo from the India St. scrap yard
to the dock at Field Pt. has been congervatively estimated at
$1/ton. About half of the 2,300 gross tons required per vessel at
Field Pt, would be brought directly from yards other than the one
at India 8t. This would involve only slight, if any, additional
charge., However, due to the nature of scrap iron and the manner in
which the vessel mmst be loaded; the final cargo loaded must be
selected with certain control on the :quality, weight, and void
ratio,  This selected scrap iron is stored at the India St, yard
and generally comprises over half of the tonnage loaded at Field
Pt, It is estimated that the additional charge for trucking this
scrap from India St, to Field Pt. would amount to $9,200 per year,

" 33. At the India St. terminal, vessels are loadsd from docksids
by crawler-type cranes. The loading rate at present is about 900
long tons per day. This is expected to increase to about 1,200 per
aay, due to the plamned purchase of a new, larger crane. When
vegsels are loaded at Field Pt, these cranes are not availabls, so
the scrap is loadsd from the trucks by use of the vessel cargo
hoists, This procedure is corsiderably slower, having a maximm
loading rate of about 600 long tons per day. This reduced loading
rate, coupled with the time required to shift the wvessels between
terminals causes undue delays resulting in demurrage charges to the
shipper. It is estimated that the demrrage charges for the

B=15 R 2/63
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projected commerce, at an average of $900 per vessel loaded at Field:
Pt,, would result in an annual cost of $7,200,

34, The total annual benefits which are expected to acerue to
the congidered improvement as a result of the elimination of shift-
ing and loading at a second terminal are $22,800., A summary of the
projected armual benefits follows.

Shifting vessels from India St,.

to Fiegld Pt, $ 3,600
Dockage and Wharfage charges

at Field Pt. 7 2,800
Trucking charges from India St,

to Field Ptc 9’200
Danurrage chargas 75200

TOTAL ANNUAL BENEFITS $22,800

35. There is some question as to the advisability of assuming
that these benefits will continue for a project life of 50 or 100
years; however, it is noted that the annual charges of the improve-
ment are such that the project would be justified, with a B/C ratio
of le2, if these benefits continued for only 20 years. There is ne
evidence that these benefits will not continue for 50 or 100 years,

- 36, Total Annual Benefits. The total annual benefits for the
combined recommended projects, the LO-foot main channel and the
30-foot India Pt. channel, are as follows:

Lo-Foot 30-Foot . Total Annual
Main Channel India Pt. Channel Benefits
50 Year Life $765,500 $22,800 $788,300
100 Year Life $967,100 22,800 989,900
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AYPENDIY G
UNITED STATES
DEPARTMENT OF THE INTERIOR
FISH AND WILDLIFE SERVICE
59 Temple Place ‘
Boston 11, Massachusetts

October 3, 1962

Division Engineer

New England Division

U, S. Army Corps of Engineers
424 Trapelo Road

Waltham 54, Massachusetts

Dear Sir:

. &
This letter is our conservation and development report on vour
navigation study of Providence River and Harbor, Rhode Island,
as outlined in Mr, Leslie‘'s letter of August 16, 1962, and
accompanying sketch., This report was prepared under authority
of the Fish and Wildlife Coordination Act (48 Stat. 401, as
amended; 16 U.S,C., 661 et seq.), in cooperation with the Rhode
Island Division of Fish and Game, and has the concurrence of
that agency as indicated by their letter dated September 19,
1962, '

The plan of improvement under consideration consists of
deepening the existing project from 35 feet to 40 feet and
extending it southerly to a point just below the Prudence
Island Light., All sharp bends in the channel are to be dredged
to & minimum 5,000-foot radius to accommodate two-lane vessel
traffic, The dredged material, approximately 9,000,000 cubic
vards, will be bucket-dredged and scowed to sea for deposit on
an approved dumping ground 4% miles south of Brenton Reef Light
Ship.

Our studies indicate that the project works as proposed would
have no sionificant effect upon fish and wildlife habitat or
resources., It would 1w be practical to utilize spoil
materizls from this project for enhancement of fish and wild-
Life habitat. Should there be any change in your plans for
deposition of spoil we would appreciate being advised so that
we can prepare another report,

Sincerely yours,

ohﬁl 'I‘

Gharrett
Regional Diréctor egional Director
Bureau of Commercial Bureau of Sport Fisheries
gisheries« and Wildlife



APPENDIX D
LONG DISTANCE PIPELINES

1. General. - Thig appendix considers the effact of long
digstance pipelines on use of large fankers for delivery of petrol-
eum products to New England ports. Construction of ths Colonial
Pipeline from Texas %o New York, with extension to New Englard
being mentioned as a possibility, ralses the question of the
future volume of deep-draft tanker traffic.

2. The available data on pipelines has been considered. The
following report and published articles are of interest:

a. "Estimate of the Impact of Colonial Pipeline on
Activity of the United States Tankexr Fleeti", Report by Ernst &
Erngt, 1701 K 8treet N. W., Washington 6, D. C. for Shipbuilders
Council of America, 1730 X Street, N,W. Washington 6, D. C,
20 June 1962.

b. 90ld pipelins propdsals may be revived®, The 0il and
Gag Journal, 13 November 196L, pp. 129 and 130.

c. "Silent Pipelines in Freight Role" (Associated
Press) The Christian Science Monitor, 19 November 1962.

d. "Products lines to New England being studiedh,
The 0il and Gas Jowrnal, 20 November 1961, p. 1i5.

e. "World's biggest products line planned", The 0il
and Gas. Journal, 5 March 1962, pp. 59-61.

f. "Pipeline to Stretch from Texas to N, J.", The
Christian Science Monitor, 13 March 1962.

g. "Big pipe to Bast may short-cut tankers", Business
Week, 17 March 1962, pp. 29-30,

h. "Who Laughs Last?%, Maritime Reporter, 15 April 1962,

i. “Watching 2,600 miles of pipeline grow", Fortune,
February 1963, pp. 100, 109.
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3. Transportation Costs. Savings in shipment costs would be
the major reason for changing from use of tankers to a pipeline.
The possibility of such savings on deliveries to New England ports
are congidered below.

lio Published estimates of pipeline teriffs for delivery of
patroleum products range from $0.25/bbl at Atlanta, Georgia to -
$0.35/0bl at New York. On a tonnage basis the New York delivery
price would be about $2.50 per ton. -Similar per ton per tanker
delivery costs to Providence are $3,15 in T-2fg (16,700 dwt),
$2,0L in 32,000 dwt tankers, and $1.7h in 46,000 dwt tankers.
Thus, it is apparent that delivery to New England ports is more
" economical in the large size tankers than piping to New York.
Pipeline transportation to New York with rehandling and transporta-
tion by tanker to New England ports is out of the question in an
economic sense. Extension of the pipeline to Boston would add a
further increase in pipeline delivery costs. A preliminary estimate
of thege added costs is about $0.,28 per ton. ' .

5. It should be noted also that the delivery cost per ton to
New York via the pipeline is estimated also and could bhe much higher,
At the present time a pipeline company, Plantation Pipeline Company,
operates a facility running from Louisiana to North Carclina. Its
present rates are $0.40 per barrel or $2,90/ton. Extension of this
rate would indicate a delivery cost of $L.LO/ton to New York and
$L.68 to Boston, - .

6, The previously described econcmics pertain to current
movements of the products. Future delivery costs of the pipeline
are expacted to decrsase as the pipeline is amortized and debt is
reduced. Conversely, tanker delivery costs are expected to increase.
The increase will result from higher construction costs of vessels,
with consequent higher fixed costs. The report by Frnst & Brnst
estimates that such tanker costs would increase by about 15 percent
 and pipeline costs to decrease by about $0.05/bbl. This would
indicate future costs of about $2.13 per ton for the pipeline com-~
merce at New York and $2.L5 per ton to Providence and Boston. For
future tanker costs the averages would be $2,02 for 46,000 dwt,
$2,30 for 32,000 dwt, and $3.62 for T-2's.

7. To date, plans for extending the pipeline into Boston are
strictly in the talking stags. No definite construction plans have
been announced. Should the pipeline be extended to Boston, it is
congidered that higher unit costs of construction would be involved.
This consideration is based on the more populous nature of the area,



with relatively high costs of land acquisition and proportion-
ally higher local taxes. In this event, tariffs for the delivery
from the present terminus in New York to Boston would be relatively
higher on a per-mile basis.

8. The Ernst and Ernst report also finds that delivery to
North Atlantic ports at present rates is more economical by tanker,
However, the report does bring out one salient fact, which appears
to Justify participation of the major oil companies in construction
of the pipeline. In locations where oil deliveries are made to
deep~draft tidewater terminals and thsn transferred by rail, truck
or barge, to secondary terminals and rehandled for delivery to the
retail outlet, pipeline delivery by spur from the trunk line is much
more economical. Since the route of the pipeline is quite a dis-
tance inland for a great part of its length, it appears that the
major economies to be derived from its construction will be derived
from this inland source. This aspect of the pipeline's economy is
considered to benefit the inland areas of the Southeastern amd
Middle Atlantic States. Also, it is considered that tidewater
deliveries to southeastern ports, normally subject to secondary
transportation, will be curtailed, probably accounting for the
much publicized retirement of a considersble portion of the U. S.
Flag tanker fleet, The availability of these ships could cauge
a reduction in tanker delivery costs to New England porta.

9. In New England a large proportion of retail deliveries
is made directly from large deep water terminals, without rehand-
ling through secondary terminals. Therefore the major potential
advantage of the long distance pipeline, elimination of transporta-
tion to secondary terminals, would not be ag pronounced in thisg
area., Therefore, it is considered questionable at this time
whether the extension of the pipeline to Boston would be economical,

10, In summary, it 1s believed that at the present time the
pipeline tariffs about equal T-2 costs, as computed for New England
ports, In point of fact the larger tankers can deliver petroleum
products to this area more economically than pipeline alone or any
combination of pipeline delivery to New York, rehandling and
shipping by tanker.or pipeline to New England. There may be a
future decrease in delivery cogts to New York and increased costs
to constructing future tankers. Ewven with the estimated decreased
cost of pipelines and increased costs of tankers, the delivery costs
for the large tankers would be more sconomical in this area. The
increased costs for tankers do not recognize any future improvement
in the design, efficiency, or future speed of tankers, or the effact
of pipeline competition. Any one of these factors could serve to
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keap delivery costs for tankers to little more than present levels,
In addition, fubure pipeline improvement costs would be higher than
at present. Of course, no additional land takings would be necesg-
sary, which would serve to keep overall costs relatively lower.

While this is true, it is believed that future pipeline extensions
would involve large construction costs which would tend to keep
fubure delivery costs at about the same relative plane comparable

to future tbanker delivery costs., It is believed that large tankers
now in use will continue to have an economic advantage over pipsilines
for petroleum deliveries to New England from ports on the Gulf Coast.

1l.  Pipeline capability. - At present, pipeline construction
could only affect refined products now shipped: from Gulf Poris.
(There are future possibilities of pipeline transportsation from
western or Canadian oil fields, which could not be carried by
tankers in any case, but this probably will not become economic
“until southwestern oil sources are depleted). The pipelins now
vnder congtruction from Texas to New York could affect only those
products shipped from Gulf ports. Products involved are-gasoline,
kerosens, and distillate fuel oils.  Initial deliveries through the
pipeline will be in the order of about 600,000 barrels per day,
Maximum capacity is 800,000 bbl/day and no doubt this capacity will
be utilized soon after the operation is initiated. It is reported
that the capacity could be increased to 1,000,000 bbl/day, with
comparatively minor modifications to the pumping stations. The
routs is mostly inland with spur lines extending to the principal
populous areas adjacent to its rouve,.

12, New England. consumption of these preoducts is greater than
the capacity of this pipeline now, .and is rapidly inereasing. -
However, as noted above, the economic advantage of the pipeline
is greatest in inleand arsas of the Southeasgt and Mid-Atlantic-
States, where present consumption is algo greater than the pipe~
line's capacity. LIt appears that construction of additional
capaclity and extension to New England would be necessary before
there would be any effect on tanker traffic to New England,.

13. The pipeline under construction is not capable of handling
residual fuels, which must be kepd warm for pumping, and tankers
will continue %o be needed for this traffic as long as residual
fuels are cheaper than other fuels. Because residuvual fuels are the
laft overs from the refining process, they are priced to meet com~
patitive fuels. It is therefore considered residual fuels will
continue to be competitive, and will be used for fuel until re-
fineries reach 100 percent efficiency, or crude supplies are
depleted. .
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14. Tankers will also be needed to import petroleum from
foreign sources. Domestic supplies are decreasing, foreign sup-
plies are increasing, and pipslines from overseas oil sources are
not yet practical. Although New England imports are presently
limited by quotas, there is no question that New England fusl
requirements will result in increased fuel imports.

15. Other factors. The most important factor that will
affect the use of btankers or pipelines for future petroleum de-
liveries to New England will be the effect of Fedsral policies,
Tax advantages to domestic oil producers for plant investment in
pipelines, subsidies for oil production, and import quotas will
act to increase the economic advantage of pipelines. Continued
subsidies for domegtic tanker construction,relaxation of import
quotas to reduce New England fuel costs, trade us aid asgreements
with foreign oil producing countries all will aect to inerease the
use and economic advantage of deep-draft tankers. 4ll of these
policies are under discussion now and future changes are probable.
However, it is considered that policy changes are not apt to
substantially reduce the use of deep-draft tankers for New England
petroleum deliveries,. _

16. Another consideration, not readily measurable in dollars,
is national defense, U. S. pipelines were constructed during World
War II so that tankers could be releaged to deliver oil overseag.
At that time there was 1little possibility that the pipeline might
be pult out of action by enemy bombing; howsver, if all future
petroleum products to New England were carried in one gingle
pipeline, or in several lines in a single right-of-way, it would
be possible to destroy this line with cne bomb or migsile. It
would geem preferable for national security for future metheds of
transportation to be kept as diversified as possible. A multi-port
development system which contains such a large number of vessels
as the World and U, S. tanker fleets, would be difficult, if not
impossible, to eliminate completely.
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PROVIDENCE RIVER AND HARBOR
PROVIDENCE, RHODE ISLAND

INFORMATION CALLED FOR BY SENATE RESOLUTION 118,
85TH CONGRESS, 1ST SESSION, ADOPTED 28 JANUARY 1958.

‘1. Navigation Problems. ~ Providence River is a tidal estuary
extanding northerly from the upper limits of Narragansett Bay about
8 miles inland to the Clty of Providence. The upper 2% miles comprise
the Main Harbor, which is that portion of the river south of Fox Pt.
and Tndia Pt. and extending generally south of Field Pt. The exlstlng
Federal project provides for a depth of 35 feet in both the Main Harbor
and the 600! wide entrance channel,

2, The major dlfficultles attending navigation ars due to the
sharp bends in the main channel and the lack of sufficient depth to
accommodate large tankers, The minimum radii of the existing channel
bends vary from 600 feet to L4500 feet, which makes navmgation of
‘super-tankers hagardous., The 35-foot depth limits the maximum size
tanker, which may safely navigate the channel to 33,000 dwt. Vessels
in the 20,000 dwt to 33,000 dwt classes are subject to varying degrees
of tidal delay. Only tankers in the T-2 (16,500 dwt) or smaller classes
are able to navigate safely at all stages of tide. In addition, exports
of scrap metals in Liberty shlps from a terminal near India Pt, are
hindered by inadeguate depths in the approach channel°

3, Improvements Congidered. - Consideration was given to deepn
ening the main chennel to 38, LO and L2 feet, and to providing a
30 x 150=foot India Pt. channel. Consideration was given to providing
the glraightest channel alignment economically possible. Alternate
methods of transportation such as off-shore termlnals and overland
pipelines were also congidered.

Li, Recommended Improvemsnt° - It is recommended that the exlstmng
project be modified to provide a channel LO feet deep and generally .
600 feet wide, from-the harbor proper to a point just south of Prudence
Island Light and a channel 30 feet deep and 150 feet wide along the
India Street waterfront. The estimated first costs, annual charges and
annual benefits, based on 1962 price levels, a 100=year project life and
an interest rate of 2-7/8 percent are as follows:

a. HBgbtimated First Cost of Construction

Pederal : $13,900,000
Non~Federal 0

Total Bstimated First Cost
of Construction $13,900,000

xlixcludes preauthorization study cost of $57,000 and additional
navigation aids of $58,000.

L



b, Bstimated Annual Charges
Federal Non-Federal Total

Interest & Amortization $ Ly, 500 Cme T $hkl, 500

Maintenance 22,400 - __= 22,400

Total Estimeted Annual § L66,900 - $166,900
Chargss g '

- ¢. BEgtimated Annusl Benefit. - Benefits result from savings
in transportation by using Iargerﬂiﬁﬁﬁers; ard the elimination of tidal
delays to present tankers.using thé main channel, Benefits for the India
Pt. channel are the savings from completely loading vessels at one dock,
Thege annual benefits amount to $989,900, and in view of the commercial
nature of the navigation served; are entirely general in character,

d. Benefit-Cost Ratio = 2.1,

5. local Cooperation. - The benefits to be derived from the improve-
ment of Providence River and Harber are general in nature and as such,
require no local cash contrlbution towards the first cost of congtruetion
of the project; however, it is proposed and local interests shall be
required tos : '

i

" &. Hold and save the United States free from damages due to
the construction and maintenance of the project.

| 'b. Provide and meintain without cost to the United States
depths in berthing areas commensurate with the project depth,

6, Discussion. - Local interests have approved the recommended
plan of improvement and have indicated that the requirements of local
cooperation will be met. The recommended improvement would provide
an sconomically feasible means of meeting the present and prospective:
navigation needs of commerce in the river. Anslysis on the basis of a
50«yaar and a 1l00«year life of project would result in benefit-cost
ratios of 1.3 and 2.1 respectively. The project is considered Justified
on the basis of studies and criteria utilized in the report.

oo
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